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FOREWORD

This report was prepared by Hughes Aircraft Company, Culver City,
California, under Contract Number AF 33(615)~2u60, a continuation of work
performed under Contract AF 33(615)-1235. The contract was initiated under
Project No. 7381, "Materials Application," Task No. 738103, "Materials
Information Development, Colléction and Processing." The work was admin-
;stered under the direction of the Air Force Materials Laboratory, Research
and Technology Division, Air Force Systems Command, Wright-Patterson Air
Force Base, Ohio, with Mr. R, F, Klinger, Project Engineer.

‘The EPIC Information Analysis Center is a center for the éoilection, re-
view and analysis of the scientific and technical literature on the electrical
and electronic properties of materials. Its major function is to evaluate,
compile and publish the experimental data from that literature. Through the
medium of a series of publications such as Data Sheets, Special Raports. Sfaté-
of-the-Art Reports, Computer Bibliographies, and sefvices including special
studies, answers to technical inquiries, research support is provided to the

Dob community. EPIC input is primarily from the open literature. A large

. number of abstract journals, in addition to about 40 cther journals, and the

unclassified report literature are completely searched.

The initial step in the preparation of this data sheet was the retrieval;
by means of a modified coordinate index, of all cadmium oxide literature in
the EPIC file. Bibliographieg were also reviewed to ensure the inclusion of
all relevant literature. Those papers containing primary source data were
sclected unless only secondary references were available.

If equally valid data are available from several sources, all are givén.

Data are reiacted when considered questionable because of faulty or dubious
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m@uaﬁ;émenta, unknown sample compoditlon, or {f more reliable and inclusive data

are avallable from another source. Selection of data is based upon evaluation

- of that which is most representative, precise, reliable and inclqpivo over a /
wide range of parameters. The addition of new data to a material compilation
requires a ;epppraisal of the reported vaiues. Older data may be deleted ip
light of the new data.

Within every property section we have tried to include every available
parameter and range of experimental condition in the literature. Information ‘
on test conditions and cample specification are extracted from the q?ticlo.
Some slight alterations in units and presentation may be made to f@cilitdto
comparison with other experimental data.

This report consists of the compiled data sheets on cadmium oxide. A full
list of EPIC publications to date appears at the end of the report.

The aﬁfhor wishes to acknowledge the assistance afforded by Dr. J. J;
Crosoman in reviewing the experimental data, and the contribution of Mr. L.
Schafer in the pre-publication review of the compilation. The supporting
asgistdnce of other members of the EPIC staff, In particular, Mrs. Jean Forest,

Mr. Thomas Lyndon, and Mr. W. S. Hodge, is gratefully acknowledged.
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AESTRACT

These data sheets present a compilation of a wide range of electronic
properties for cadmium oxide., Elactrical properties include conductivity,
dielectric constant, Hall coefficient, and mobility. Emission data have
been broken down intu the varied electrﬁn and photon emissions which result

k)

from appliéstioh of eléctromagnetic enorﬁy over a wide spectrum. Energy data
inciude energy bunds, energy gap, and energy levels, as well as effective
mass tables, and work function. The optical properties include absorption,
voflection, and refractive index. Magnetic data are presented, as well as
geveral other physical phenomena, such as Debye temperature. Thermoelectric
and thermomagnetic properties are shown. FEach property is compiled over the
widest possible range of parameters including bulk and film form, from ref-
erences obtained in a thorough literature séarch.

A summary of crystal structure and phase transitions has been ihcluded.

This report has been reviewed and is approved for publication.

F/

Emil Schafer, AsElstagf Head 8
Electronic Properties Information Center
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INTRODUCTION 4 )
Cadmmn oxide .gpystalliéés, Ain.only Lope»inoaifié;a;tion; the Face-centered &cm;ie«” - ,,: : i'f;:‘
{halite type), The c¢rystals vary in:celor £iom black; brown or green to ox;ange—yenow 15
and yellow, depending on ‘the amount of free cadmitim present. Powdeps vary in »color : ::_
y SRR S ¥
due £o the particle size. The cxystal growth plane is generally (110). The habit B &
is cruciform, dendritic or arborescent, in additioh to the acicular- efystals which - - "
form in an arc-furnace.? ’ T 9
The lattice paraneters have been measured numercus ‘times. ;Bulk values range; ;Enom . '
g, = ="14.6991 & to 4. 690 & for very pure material. For cadiium oxz.ae Hsmoke" 5a ;alue DRV B¢
of 4.708.% is given and for £ilms two values; 4.69 £ and &,71 4.1 o - zJ’A
g 1 Donnay? -gives two values fop .crystalline material; density is .15 g/ciﬁ% galg: 20°€. _ i
i A, = 4.6943 * 0.0003 § S RO
3 7 = 4,768 + 0.002 X
i ‘ %j Cadmium oxide .decomposes. .in vacuum 4t 350°C and a metallic a,g:adm:‘ium:m’;’.mof .appears, V;‘
‘ . f‘ In air, sublimation begins at _:900°C. The sublimation point, according to -the 151:'eﬁst - . tz-:%
’ !,: available determination is 1564°C,% although lower values ‘have been. giver'z-.ﬂi‘ The ) 4 @
4 HANDBOOK OF CHEMISTRY. AND PHYSICS" states that the sublimation point is a;;ove~1uzs°.é, - ﬁ
s . R ) i
. '; Cadmiwn-oxide and cadrium form solid solutions in-.all proportionss: The: dissocia- - =°
, { tion constant of the ‘¢admium oxide decre‘ases strongly with incréasing cadmium cc}'ntéri:‘cf.' ) ; o
B ¢ ‘ The saturated solution of cadmium in ‘the oxide is almost non-dissociative. On: the )

] %: v formation of the solid solution by: heating in a vacuum; the lattice constant of the ) - 3

. | N cubic oxide changes linearly with the excess cadmium. With the incr;aSe in ays the :
; 203 colour deepens until it becomes black. On deating, the interstitial cadmium sublimes. ioj

\ '.! ( The presence of an excess of free electrons in the lattice of the solid solution is
‘ ;,4“ s responsible for the n-type semiconductivity of cddmium oxidé as ‘well as its c,at.al;ytic ‘ V:

. Fe e b

g g: activity.! : . é
| - The thermal conductivity deckeases markedly with increase of oXygen pressure, T
3 ;f: indicating increases of interstitial gxygen in the cadmiM” oxide,! B
5. ; : 3
L 1 "
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in thé forefront. These £ilms have a iiugh ms::...ny’ty :-u @p,,zca’l :transmissicn

in zae visible .green rézigelc;f the Spéctrum. Other uses for *the natep_.ais .mtlude -0

Storage batteries, as a catalvsé- with gickel -oxide; as. a *tox;u: ﬂust For pesnﬂldes -

<ase, the cadmrum oxide s employed @s the sonduct:.ng nzles‘:

? - - pu

prepare ‘auconduc‘t:.ng “tronusparert g‘}“"ass.f‘ - / . )

Films of cadmium .oxide ang 1sotrop;c ami :ba:ve been( grmg: \ep;tamﬁ

:’;f'*ﬁ' Y

cm. (Ref. 24170) Adsorbed gases have a strong efféct on both. f’ "1 s and bulk sur.faces,,

WFe e
with Ijespéct to electrical conductivity and the change in the aibsorotmn edge, . =Ca§mi}§a‘ W Jf
oxide is known to give very Strong supfacé activity as 15 gvj.c}gpcg@@bl g:;s use ;aés, .av ) v«s
catalyst. (Ref. 11868) / ' | L - .k

Agcording to Gmelin, cadmium oxide does Tot xdis:playsany ;éééhodolhhﬁneséé;iée or : , : *
fiuoréScencé ‘but -does show apho:toc;ondggtiwi‘ty,.'i' ‘The jphotoeffe_ct is. just - L;:xtlngulshéd\ Wc; ‘ "
LS
at an incident illumination of .35 micron; .a 1ittle beiow the airi‘sible";“.‘ ‘ - N B 8
A method for growing Single .crys‘s:tal_sf by a wvapor depositiocn iteﬁhﬁique‘ ;a.s pgtii‘r{éé - ‘
in -a paper by Fahrig.8 The crystéls are grown at 1125 to 11409C @nd exhibit 1{1@3}1&- ~f‘;
) . o ~
formed edges and faces in e (100) plane. ‘They are black with a lattice Gonstant wf /
- "
4.695u §. Very low amoufits of magnesium, silver and calcium :impurities are -_ppég‘eﬁx,- . y
Caddium oxide is mot superconductive. (Ref. 13548) 4» - ) . }
Cadmium oxide films; when doped with copper and indiun fcrm a highly ;p‘hp,toxgj;.taig%v ?"_; N
jubction with selenium: Undoped films yield open circuit voltages wp ifca-}o,? V in ~ Lt i ﬂ‘

suhlight. Cupper doping reduces the open circuit potential and indium doping increases -

—— e . e e —— p———— & e e e e -
f

PRI At Cupte s s g

R Cat IO



¥ : - -~ - . A g
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- - ) - "5 @D -
f 2 . RN P ;?
R Gy
_ it. (Ref. 20405} Every £iim Aeposited @t low: temperajures is uns:ta‘ble. Tt 'niust be
__},: . Stabidized by wnnealing. Tine; tegperatum of *Dre;pananon, s,to;ctamnetzgq retc.., *muﬁzt
. 2B be defermined experimentally, and this injf,cpma:tmn is thoruughly Sovered in the >§a:ta A
: T oy Ca e
2 . ’ W < - :
o . presented fnepe. L A 2:»:
3 Tn thé thermpélectric properties section, electric conductivity and ;themal
N . _ conductivity graphs, \(whem @vaildble for- the wame :samples) are 'nresentna m.th -
s théfmal enf data in order to Facilitate calcilation of Figure of merit values)
3 Cposs-refergncing of germane iunformation is wilso provided. i

y hvthm the individual properties, arrangement has «genenal::._y zbeen to- shod ".nhe ‘

pure $ample data: followed by the @ffects of dopants (in ;.ﬂphaber:.cai @rder)).. iDgp:rtgg,

- P

per se, however, is often tiot a qualifying Fdctor, @and.graphs may: ﬂa\e‘anﬁa_qgea (_c‘;jg -

.groupad .gceording to experimental parameters. ) ~

CaE

. . . , oo e o, s s
In presenting tédbular data, walués are waricusly arraaged. In :one cases, it

'
S e b A QA A Ao i

is by dorant, in others by magnitude of mumerical walue. ©On occasiony however, the

_ EN .

) : % wvalues from one refererice may be grouped for comparison. o o i~ -

F ! The weferénces, from which the data are drawn, are showa by accession muibsr

‘i § below each graph, with the fiull bibliographic citation tabulated @&: ;;ljhe «end uao’f the o
5 3 ; data :sheets. 'The bibliography is Listed by accession munber, ] R

. R .. ; G " v . e . e
‘The .electrical .conductivity of polycrystalline .cadmium -oxide; thoroughiy an-

-

nealed, has. been measured at 7 to ‘9 Ge. 'The théfmal enengy €ap. bety between '20 C «mu ’ e

R T 4,»* o MR
o

:80°C at these fields agree with those measured in dic. Fields.?

8 {gs ., . . . i ) ) o S '
g According to-a recert article in the WKRAINSKYI FIZYCHNYT ‘ZHURNAL,YO. dadmium oxide -
H ) ; . N “
B 2 £ilm has been studied @s a. transparent contact Ffor cadmium sulfidé type photoconduc-
ER 5 tors, both single crystals and films., Volt-ampére and moise characteéristics of ithese.
R B4 o pan , . . ‘“
4 2, = cadmium .oxide films indicate *hat it is a.gocd, .stable and transpaiient ohmic contact
‘ % . and is particularly effective for longitudinal photoelectric effécts. ‘The <cadmium
$ oxide +£ilm has a resistivity of about 3 x 103 o ® x 10”3 ohm-c¢m. [his wesistivity
(8]
53 )
&
; A .
T e i ) -
- " N = ’ . 1,( - 5
Y TG, i
. ; ) . JURTN
- . o ) - .
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-~ . - - P "L

: ‘zs fgapevattxz‘e independent frox 173°K %o, 3§3°X, ‘Tke advan"agecus cam:act ch&racter-

i _"'zhcs zay at?:r:buted =3 ke fc*aat}.en Ea Jﬁimn\:icneé tm fz.n on zhe - ;' ';A ~ﬂ .
‘ : e i
c.zhzuzr- Sn.lf,..ae surface. ‘ S © T ' ¢ &

- Y - -y ... s
) . D -
f ~ .

1) o] ai:d Mb& iapes have vean run o asaz:e c@;e*e coverage fcr ‘{:a;ls teptal. . |

‘iery 1ittie mfoma ion is appanently avalabm in J:e z“encz* hteratm *Fm: caé:.m h L3S

1  GMELINS HANDBUCH DER ANORGARISCHEN cm- eth E4. Cadmium. Weinheim, Yérlag'® - T .
Chemie, GubH, 1958, p. 518-436, o S e X

9 DONNAY, J:D.K: CRYSTAL DATA. DETERBINATIVE TABLES. 2nd Ed. Americap Crystatio- . .
.graphy Assoc.; 1953, l ST - :

¥ | 3 LEMARCHANDS, M: and M. JACOB. Chesfcal fmerfia. SO0C. CHid: DE FRASCE. BUGiL., . |
& v. 5, no. 2, 1925. p. 479-137. T A &S

.1 4 HAWDBOOK OF CHEMISTRY AND PHYSICS. u6th Td. Cleveland, Chemical Rubber Publishing
o Co. ,. 1965-1966. A NN .
k1 ) s
] . o L AT
E -~ 5 SIDDALL, G. The Preparation of Flectmltmmescent Panels. YACUH, w. 7 and e_, . =<
- - 1957-1958. p. 61-71. T, SR o
- 8 :9 SRR 3
- 6 LUCAS, L.N.D. Oriented Cuealeal Growth on Single Crystals of Zinc arid Ca?amn. : -
e - ROYAL S0C. ‘OF LONDON, PROC., v. 2154, no. 1121, %ov. 25, 1952. p. 152-174., 7. K

7 ‘GUDDEN; B. and R. POHL. Lac.xtelektm.scae Le.tung und chemlscbe E:Lnd.mg YUER ) P

a PHYS., v: 16 1923. p. 42-45. R
CEN ) I . < ) - ° :\. e ) "‘\9
& 8 TAHRIG; R¢H. Growth of Cadiiiif Oxice CrystdlS. J. OF APPLIED PHYS., V. 3%; 160 Iy i
N Jan. 1963. p. 234-235. o T
__:’ , T -~ o f,‘vj

8 BALTRUSAITIS and P. BRAZDZIUNAS. Electrical Conductivity of Cadmmm Oxzde in . § £
e High-frequency E‘lectr..c Flelds. LIETUVOS FIZ. RINKINYS, LIE""U’”VOS TSR MOSKLU I ‘S
f AKAD., LIETUVOS TER AUKSTOSIOS HOKYKLO.,, v: %, no. 4, 1964, p. 337-541, - e

10 SVECHNIXKOV, S.V., et al. Ohmic Transparent Contact for 2-6 type Pho*oconduotors. . j B3

. UKR. F1Z. 2H., v. 11, no. 1, 1966. p. 4O-uY, _ -
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CADXIUM OXIDE

ABSORPTION
Photon energy (eV)

; 6 .%5 .lIZ 08 TE 12 ' r
s (3] c D"v‘
- 00080 Pe L ._.’ _
—~t 41— K - 3 o ’
' 4 e’ 4
8 o !
. o .
< 0=150 (@ cm)”} £ juzso (& cm)
5 ] 1 @ L ]
o 0 ﬁ o)
- 10 s _
E% o S ‘0 3 ' o, ohm cm~!
p— < >,
a b ',‘ . - 255
< 4 e
0=20 (2 cm)” S .
| | ) 0.8
° 5 10 8 .91 5 10 s
Wavelength (u) Wavelength (u)

Absorption coefficient as a function of wavelength for cathode sputtered cadmium
oxide films. Films in a, b and c are variously prepared on a quartz substrate
and variously annealed. Variations in atmosphere and curvent density during de-

position develop films of different electrical conductivity as indicated by the
curves.

-

Films in d are from measurements in [4453] for films deposited on NaCl substrates.

---~ Calculated from transmission/incident intensity without correction for
reflectivity (a v 1/d log I,/Ip).

D = transmission

d = film thickness

Ip = transmission intensity
Io = incident intensity

—— Absorption coefficient calculated from transmission measurements by use of
equation for interference for absorbing films.

[Ref. 22103]
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ABSORPTION
Photon energy (eV)
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& S
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(o] 2 4 6 8 10 2 14
Haveiength (u)

Absorption coefficient as a function
of wavelength for the same highly
degenerate samples as in the above

- graph. - Symbols for curves correspond

to those listed above.

3

Transmission as a function of wavelength

for a cadmium oxide, n-type film 34 microns
thick. Preparation is by cathode sputtering
in a nitrogen-oxygen atmosphere. The sub-
strate is single crystal sodium chloride.
Measurements are made at 300°K. The re-
sulting carrier concentrations after -
annealing the polycrystalline films are
given below:

Annealing
Temperature
Curve oC np. (1019 cm-3)
+ not annealed 1.6
) 160 T ~10.0
) 300 7.0

[Ref. 7151]

Photon energy (eV)
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[Re£. 7151]
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CADMIUM OXIDE

ABSORPTION
Wavelength (u)
3) 4. 62

. 8

o

Q

ot

Q

o

il

8 1

58

[ofTs]

22 2k

2~

&

o]

[4)

2 o

a0 35 30 28 20

Photon energy (eV)

Absorption coefficient at 300°K as a
function of photon energy for cathode
sputte“ed cadmium oxide films pre-
pared in a nitrogen-oxygen atmosphere,
film thickness 0.12-0.16 microns. 3
Electron concentrations in 10! em™
are indicated as a parameter of the

" curves. The intrinsic curve is
marked K , with n, = 5 x 1016 cm=3.

n is the variable ratio K/K,. By
calculating n for a definite range
and applying the theoretical curve,
nK, to the family of absorption
curves for various carrier con-
centration values, the theoretical
curve cuts the experimental curves
at a point which indicates the
energy gap. As carrier concentra-
tion increases, so does the energy

gap.

nt, K (10" cm~!)

1C1e

Absorption coeff

~
PREPARED BY ELECTRONIC PROPEATIES INFORMATION CENTER ¢ HUGHES AIRCRAPT COMPANY, CULVER cj", CALIFPORNIA .

Absorption coefflcient as a function of
photon energy for several n-type, cathode
sputtered cadmium oxide films, betwsen -
0.1 and 0.2 microns thick. Measurements
are made at 300°K. The films are de-
posited on a quartz glass substrate and
the absorption values are corrected
accordingly. Carrier concentrations are
given for films after annealing.

Symbol -3)

Nin (1019 cm

1.3

5.
9.
5.
8

>X +00
l—‘U‘qu

1
1

[Ref. 20339]

Wavelength (u)

4! A4 A8 52

L. 0.008
. 3.4
. 7.8
1.0
. 18.8 -
-18.1

.0

-.\

"o

/KO

0.9

28 28 24 23 20

Photon energy (eV)

30

[Ref. 22102]
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4
CADMIUM OXIDE

.
e

ABSORPTION

Photon energy (eV)

| 3) 28 2. 1.8
1,00

090

010 | Cd, In)O

U/

060 o

0.50

040
(Cd, Cv)O

Transmittance (%)

. 0.30 74

N

- 0.10

00 -
40 43 850 85 600 65 Y0 .75
Wavelength (u)

Transmission as a function of wavelength for sputtered cadmium
oxide films, all n-type, undoped and doped with copper or indium.
Sputtering was done in a 10% oxygen-90% argon atmosphere on optical

i glass substrates. Film thickness was constant at about 0.28 microns.
g The undoped film demonstrates a rather diffuse absorption at about

2.5 eV, the reported energy gap. The copper-doped sample shows weak
absorption at about 2.1 eV, possibly due to copper, the indium doped
sample has a peak as high as the pure sample but at a lower eV.

. ' [Ref. 20405]
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CADMIUM OXIDE

ABSORPTION

Wavelength (u) | Wavelength (u) .
—_ 30 40 50 80 : .30 ‘40 50 .80
Y 3.0 T o et .
o \ 'y ] - b
S 2.5 8 .
- ‘ ~ s
~ 10
c
; £ 2.0 9
: A [3]
. o wd
Y v G
j T 1.5 w
. W ]
»- W ;
; 9 1.0 g 104
I I
i S _ &
f & 0.5 - g :
1 8‘/ 9,
i o
2 4 <
; 2 Y 3 2 1 4 3 2 1
‘ Photon energy (eV) Photon energy (eV)

Absorption coefficient at 300°K as a function of photon energy for cadmium - .
oxide films. The films are prepared by cathode sputtering in nitrogen-oxygon

E atmosphere.
a) I Not annealed b) Same curves plotted to
I1 Heated 1 hour in air at 200°C emphasize break in the
II1 Heated at 500°C in air non-annealed film at

~v1l.8 eV,
. Sample conductivity
P : 103 (ohm em)-}

°I 1.52
°II 1.3%
°III 1,10

[Ref. 11868]
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CADMIU¥ OXIDE

ARGORPTION
Wavelength (u) Wavelength (u)
30 35 A0 S50 80 8010 30 35 A0 S0 80 MBS 1O
3.0 ‘ T T 1 T T T T T
T2 @
8 i
Y 8w
[
Z a0 €
' 2
K @
(8] Y
i 18 g |
g . |
o § .
g 10 E? o “
'L'
) '
£ 2 R
0 d X
5 05 1030 K', ﬁsn"x
103° K\ 373°K . o
0
4 3 2 | 4 3 2 |
Photon energy (eV) Photon energy (eV)

Absorption coefficient as a function of photon energy for a cadmium oxide
film prepared at two temperatures. The film was prepared by cathode
‘sputtering in a nitrogen-oxygen atmosphere, and was then annealed in air
at-500°C,

Evidently the shift in the absorption coefficient on annealing, leads to
a constant value; there is minimum shift during further temperature changes.

(Ref. 11868]
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CADMIUM OXIDE

ABSORFTION

Dependenc2 of resistivity and transmission of cadmium oxide films on the
oxygen content of the discharge gas.

Optical Transmiision Resistivity
Sputtering % at X = 5460 ] k 2 per 8q.
Tine Oxygen Baking Baking . Thickness
Mins. in Argon _ Before After Before After . ]
- ' ) )

5 P ' 100 77 79 1803 1396 -
10 100 57 60 9.5 0.5u45 -
15 100 47 52 5.0 0.315 -
20 100 47 52 4.3 0.208 0426

5 75 73 78 9.0 1.490 -
10 . 75 56 60 6.3 0.uu0 -
15 75 48 53 b, 0.297 -
20 75 by 50 2.3 0.238 .0509

5 50 78 78 7.9 1.690 -
19 50 56 58 5.0 0.427 -
15 50 50 54 4,8 0.290 -
20 50 Ly u4g 2.3 0.180 0543
5 25 70 73 9.0 1.150
10 25 56 58 1.9 0.436
15 25 4y 4g 1.6 0.182 -
20 25 by 4a 1.2 0.134 .0570
10 10 54 -3 0.5 0.260 -
20 10 50 52 0.21 0.126 .0509
10 S 64 66 1.2 0.520 - -
20 5 60 59 0.103 0.110 .O6L4Yy

Note: The above films were sputtered at 3 kV and 0.3 mA/cm from a 45 cm diameter
cathode at a distance of 10 cm. :

[(Ref. 15410]
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CADMIUM OXIDE | ‘

DEBYE TEMPERATURE

Electrical
Value R@sietivity Carrier Concentration
8, °K  (10~3 ohm cm) Sample ny (1029 em-3) Temp. °K  Ref.
560 1.8 sintered powder 10 T 20-2% 3070
%50 2.9 " 8 1-250
60 29 " 23 100250
BGH- 1.3 highly compressed 7 100-700
1906 snd sintered powder

13
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CADMIUM OXIDE

DILLECTRIC CONSTANT

Symbol Value Sample Test Method -  Temp. Ref.
Ley - 5.6 Cd0 cathode sputtered optical 300°K 22103
films. annealed absorption
£ 1.4 to 9x10!? em-3 measured
6.2 powder oil immersion 300°K  Ksanda®
A= ,8708 u S

te» 16 the optical dielectric constant and i{s calculated from the rafractive index.

#KGANDA, C.J. Comparison Standards for the Powder Spectrum Method - Nickel Oxide and
Cadmium Oxide. AMERICAN J. OF 8CI., v. 22, 1931l. p. 131-138,

T page 525

14
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CADMIUM OXIDE
DIELECTRIC CONSTANT -

Three curves showing the optical dielectric
constant, as a function of the square of
the wavelength. The 24 microns thick film
is prepared by cathode sputtering in a
nitrogen-oxygen atmosphere.

Carrier Concentration

Dielectric constant €_

Curve Annealing Temp. °C n, (101? em™3) ) :
+ aot annealed 1.6 -4 3
e 160 10.0 o ' !

o 300 7.0 Wavelength (u)?

) : o . [Ref. 7151}

« Pielectric constant as a function of
\ 0%, 20 30 40 photon energy in sputtered cadmium
g A— oxide films, 0.2-1 micron thick.

N .
\\x\ N Carrier Cotzxgentrgtion
\\.\_' \ Sample n, (1020 cm-3)

S
/x"

Dielectric constant €x
1
(¢
1

N N : 12.1
SN z 3
N 3l n\’N 1 s _
Al . 28 2 M
P Photon energy (eV)
A2 (u)? A (u) eV
10 3.2 .39
20 4.5 .28 7
-30 5.5 .23 ‘
40 6.3 .19 " [Ref. 5183}
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CADMIUM OXIDE
EFFECTIVE MASS (m%)

Sample No. - 55 56 57 50 Temp. °K
Hall coefficient (10~2 cma/coul') 2.4 3.7 | 16,5 30.3 300
Thermoelectric power (uV/°K) .C90 .103 A74 .214 500
Effective masc m"‘/mo 0.10 0.11 0.15 0.15 300

[Ref. 10904]

Sampls-No. ‘ 36 22 15 7 20 35
Sintering time (hours) 0.5 0.5 0.5 24,0 0.5 0.5
Sintering temperature (°K) 1200 1000 930 920 1100 1200
Tm. °K
Hall coefficient (to 6 kOe) 14.5 17.0 20.5 3.6 2.5 5.6 300
(1072 cm3/coul) :
Electron carrier concerntration 4.3 3.6 3.1 17.4 25.0 11.2
(1018 cm™3)
Temperature coefficient of 11.3 18.0 13.9 3.7 l.4 4.3
resistance (10~° ohm cm/deg.)
Effective mass m*/mo ‘ 0.05 0.08 0.05 .08 0.06 0.06

. [Ref. 10904]
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CADMIUM OXIDE

EFFECTIVE MASS (m%)

L J
¥

(10728 g)m
L
4

Effective mass

i 1 1 |

2 6 o (L]

Carrier concensration
(1029 em=2)

Electron. effective mass as a function of carrier concentration in cathode
oputtered cadmium oxide films O, 2 to 1 microns thick. Carrier concentration

varies from 1 x 1029 to 12 x 1020 '3, measurements made at 300°K.
[Ref. 5183]
Symbol Value Sample Test Measurement Temp. Ref.
m, 0.16  film, n = 1.25 x 1029 em~3  optical absorption, 113 ¢ 17670
0.14 A = 1-2.5 microns 293%K
m, 0.14 cathode sputtered films. electrical conductivity, 20- 22103
) annealed at 500°C. Hall and thermal emf 750°C
n=5to 50 x 1020 cm-3 measurements , also

optical absorption

17
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CADHIUH ONIDE Temperature (°K)

ELECTRICAL CONDUCTIVITY 0 00 200 800

T ¥ L] LS ¥y vruovw
*%

LT T

al

Electrical conductivity as a function of
reciprocal temperature for cadmium oxide
fiins. Curves are non-reversible.

¥ Cathode sputtered in oxygen,
annealed in air.

Electrical conductivity (ohm cm)-}

{ (]
1I; Cathode sputtered in air,
. ot
annealed in vacuum. ,
- ’
1Y}, Annealed in air, . j
I1I  Cathode sputtered in nitrogen-low . :
oxygen atmosphere. I
10’
4 ] 2 '

1/Temperature (103 ok-1)

[Ref. 3926]

Temperature (°K)

>’ L]

b 800 230 166 128

2 1 T T

Ie)

5

B -28F Log electrical conductivity as a

0~ function of reciprocal temperature

08

o, © for cadmium oxide powder samples .

SE _.g compressed at 1000 kg/ci::2 and .
= CH treated with oxygen.

b .

@ .
T 24 | g L

v 0 2 ) 6 )

Q

[

1/Temperature (103 oK~i)
fRef. 12730]
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CADMIUM OXIDE

20pF
ELECTRICAL CONDUCTIVITY
, - 8}
[ L\
\ L‘lectmcal conductivity as a function 8 .64
of fre/e electron concentration, expressed |
as np (2027 cm-3). The temperature CIA |
parameter of the curve is shown on the ‘
graph. The samples are sintered cadmium E
oxide pellets. Slope of conductivity > L2f
against n*” is linear in keeping with 5
the Hcworth and Sondheimer thecry. 3 10k
8
' o8t

Electron carrier concentration

n, (1027 cm-3)

[Ref. 20243]

4
8

Fa]
— . -
’, o Specimen I e
, = £
' B 2 8
o | g
£y [a W
@8 “w g Electrical conductivity as a function
oo 200 80 Y of temperature for two pressed and
holl bl sintered cadmium oxide strips.
D -
. o o]
5 180 b Carrier Concentration
3 9 Specimen n(102? cm~3)
6 Specimen II §
© ' 1 7.5
200 400 60O 600 1 5.5

Temperature (°K)
[Ref. 2189]

19



- ] R LECTRONIES
e P ROPERTIES
AR B : = . _
. C ENTER

PREFPANED BY BLEACTRONIC PROPEATIES INFORMATION CENTER o HUGHES AIRCRAPY COMPANY, CULVER CITY, CALIFORNIA

CADMIUM. OXIDE

ELECTRICAL RESISTIVITY

g
w»

n
o

0 50 100 150 20Q

Specimen 1, resistivity (103 ohm cm)
Specimen 2, resistivity (1073 ohm cm)

Temperature (°K)

Electrical reéistivity as a function of temperature for two pressed sintered cadmium
oxide strips. The solid lines are derived from values of P,, A, and © chosen to give
the best possible graphical agreement in the formula: ¢ P, + = 5 ~ The
cxpression for neighboring values of © are shown as broken lines., A is the temperature
cocfficient of conductivity and varies with the impurity concentration of each sample.

Temp. Carrier Concentration
Range (°K} Specimen n (1020 cm-3) Pn (ohm em) © (°K) A (ohm cm)-1/deg
20-250 1 10 .0018 560 2.5
1-250 2 8 .0023 450 ‘ 2.0
calculated
----- Debye .
values

[Ref. 3070)
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ELECTRYCAL RESISTIVITY

)

Resistivity (ohm om

=)

£ D [++}
4 g 3

!\? .
¥

200 400 500 600

Temperature (°K)

Log electrical resistivity as a function
of log oxygen pressure for pressed and
sintered cadmium oxide pellets. Data
taken at temperatures indicated on the
curves. ' )

21

Electrical resistivity as a
function of temperature

during sintering for pressed
cadmjum oxide pellets.
Sintering is accomplished at

1 atm. oxygen. From 340-380°K
the sharp drop in resistivity
is believed due to increased
contact of the microcrystals.

resistivity

Log

)
o

[
w

[Ref. 20243]

Y —

0 ! 2 3 4
Log oxygen pressure (mm)

[Ref. 202u3]
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CADMIUM OXIDE .

ELECTRICAL RESISTIVITY

s . -
100 % O 1
'
i
P ar HEATING~—@=! COOLING—t
~ |
4 8% :
A '
o i
R 3 |
g : !
0 ]
R 50 % O '
9 :
e 2r 3
)
%3]
g |25% o |
] 8 )
o |- i
0% Qg {‘5% 02
L
0 ¢ -+
160 200 300 400 300 200 100

Temperature (°C)

Resistance of cadmium oxide films upon annealing and cooling. Cycle from
100+400+100°C over 75 minutes. Curves are given for films produced in
different oxygen/argon mixtures.

The films are cathode sputtered in an oxygen-argon atmosphere on glass
substrates for 20 minutes; thickness is about 0.06 micron.

Control of oxygen content at 5% yields consistently high-conductivity films
cn low temperature substrates.

[Ref. 15410]
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CADMIUYM OXIDE

ELECTRICAL RESISTIVITY _seor /l
| | 8
. B ]
Electrical resistivity as a function of -~ /
temperature for two pressed sintered cadmium B ocos . s
oxide strips. Carrier concentration is ot / A
20 op~3 L4 "
>1020 cm=3, ve /
] 0004 |- “
8 . / S
o U4
ooo2 | ,/ s
’
b / -
‘,#f [ DN D N GRS N |

Temperature (°K)

[Ref. 2189]

* Temperature (°K)
‘ 1000 500 333

030 | SEERE NREEE NENE SRNIR ~ -8 T
;]
7 0.28 ,g
B g ~
o 0.20 8 .
- -1.0 p g
. =
5 0.18 8
L" m
S0 @
g .10 g
$ 0,08 §o‘3-5 r 1
[N R D DA | ' | A NN W |
0 100 200 300 400 300 ‘ 10 I8 20 28 30 38
Temperature (°C) » 1/Temperature (10% °Kk~1)

Resistance as a function of reciprocal temperature for pressed powder cadmium
oxide. The high temperature curve is linear with an activation energy of 0.40 eV.

[(Ref. 11654}
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CADMIUM OXIDE

ELECTRON SECONDARY EMISSION

-

Energy distribution of the 1400
secondary electrons as a
function of the discrete
electron energy loss at
250°C. The curves are
obtained from data taken

on a 0.5 mm thick cadmium
oxide disc, resistivity

at 300°K = 0.027 ohm cm.
The primary electron energy

1800

V_ is ghown on each curve, ..'4"' e~
p ol o
~
V), iz the collector voltage alld Yye 100V
iy is the initial current Ay
- ~
i is the cecondary current N
2 R Vp# 50v

Seccndary electron energy peaks (v-1)

Discrete electron energy loss V, - V; V)

[Ref. 23133]

Electron secondary emission
coefficient as a function of
incident electron energy for
game gample.

o 200°C
e 400°C

212 M |

0.808 .
I

incident electron energy Vp v)

Electron secondary
emission coefficient

Maximum value‘is 1.25 at 400
volts and varies little with

temperature. ol [Ref. 23133]
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CADMIUM OXIDE

BHLURGY BARDS

~hange in Energy Gap with

Lymbol. Temperature, eV/9K (10~"%) Sample Temp. °K Ref .
dBg /4T -3.3 Film, n = § x 1016 113-293 17670
-l ¥cathode sputtered film 200~400 11868

deposited in nitrogen/low
oxygen atmosphere

. -6 fcame film annealed at " "
00°C
-2.6 to =5 Single cryatal 98-295 20385
n=7x 1019 em3
0 = 1.3 x 103 (ohm-cm)-!

FY e

% Ceo page 26 for source absorption measurcments.
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CADMIUM OXIDE

ENERGY BANDS

Bhift in the absorption edge with temperature
zg 27 for two cadmium oxide films,
3 P~ i. This f£ilm prepared in nitrogen with
aF low oxygen.
Y 2a : .
k' II. Same cathode-sputtered film after
b 4 annealing at 500°C. The absorption
b \ edge is measured at that wavelength
Y ' for which the absorption constant
4 N is 2 x 10%/cm. This wavelength
varies with temperature but Is
24 i about .56 micron or 2.2 eV. (This
0O 100 200 300 400 is close to the energy gap of 2.35 eV,

Temperature (°K) given in this reference.)

<

[Ref. 11868)

o
6
g &
Cquare of the abgorption coefficient as a .4 s .
function of photon energy for a cadmium &
oride fllm at five temperatures between & 'a
113 and 293%K. The carrier concentration § ¢
ioc 8 x 1616 em=3, °q
x 6o
6~
tg! s cnergy gap at 293°K ';é"’" \
£g? 1o energy gap at 113°K g ‘
’ ‘ o 8d.. -
KOZ iz the absorptior edge ut 0°K 35 30 28 o 20 :
ve®

Photon energy (V)

- [Ref. L7670
26
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ENERCY GAP (Eg)

Value (eV} Sample Specificaticn Tect Method Temp.  °K Ref.
2.5) single crystal, reflectivity 295 20385
o= 1.3x 10 (n emj~? |
n=7x 109
2.56 " 98
2.35 single crystal, annealed 295
‘ 28 hrs. at 600°C in ongen
= 1.05 x 102 (9 em)” :
= 1.3 % 10 em™3
2.41 a8
2.3 films cathode sputtered reflectivity 0 20339
0.1 - 0.2 micron thick 0.3-0.8 miryon

n =109 - 1.8 x 1020 sm~3

2,35 ~ cathode sputtered films '~ reflectivity 300 11868
' in oxygen or nitrcgen;
annealed in oxygen

27
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ENERGY GAP ' Energy gap at 20°C as a function of one
- hour annealing at temperature indicated on
abscissa for sputtered cadmium oxide films
prepared in: '

0
©

_1,,\

AR NITROGEN

fo
ﬂ

b
a

Energy gap (eV)
at 20°c

oxvcsln -

™
o

200 400 600°C

L)

Temperature (°C)

o I. Nitrogen-low oxygen atm,

e II. Pure oxygen atm,

Curve I is annealed in air which causes the
energy gap to shift from 2.81 to 2.36 eV.
Curve II is annealed in air. This raises
1 11 the absorption edge. '

Curve III (x) is the same film as in
curve II, annealed in pure oxygen.
Here, algso, the absorption edge is

raised,

If the film in Curve III is then annealed
‘for 1 hour in nitrogen, the energy gap is
p again congiderably increased. '

Absorpticn edge at 20°C as a function of
electricul conductivity at 20°C for a
cathode sputtered cadmium oxide film
annealed in air between 400 and 600°C
followed by annealing at 350°C in
nitrogen, oxygen or a vacuum. All
measurements fall on the same curve.

--Annealing above 350°C causes an increase
in conductivity and an energy gap
incpease. A decrease in conductivity
is connected with a shift in energy
gap toward higher wavelengths ({.e.,
lower energy gap).

[Ref. 11868]
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>
v
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Q zo“
=
]

0.

A

Electrical conductivity at 20°C

(103

-l em~1)
(Ref. 11868)
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CADHMIUM OXIDE

ENERGY GAP

2.8

2.6 : /
RZe

2

Energy gap (eV)
by

201
0 0.2 (o X ) os o8

Position ' 'of Fermi level (eV)
below the conduction band

Energy gap as a function of the Fermi level in cathode sputtered cadmium
oxide films, prepared in a nitrcgen - oxygen atmosphere. Film thickness
0.12-0.16 micron. Electron carrier concentration = 10!® to 2 x 1020 cm=3.
Absorption data taken at 0.3 - 0.8 micron. The curve shown is calculated

for a limiting energy gap value of 2.2 eV. Fermi level values are calcu-
lated from electron carrier concentration using mp¥ = 0.1% m,.

As the carrier concentration in the samples increases, the Fermi level
~--- shifts away from the conduction band with accompanying increase in energy
gap.

[Ref. 22102
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CADMIUM OXIDE

ENERGY LEVELS

Symbel Value (eV) Sample - Temp. Ref.
EF 0.6+0.3 Decrease in Fermi level as 800°C 20243

cadmium content increases with
temperature in a sintered powder
n~ 1018 em-3,

Ep 0.4 ¢p Pressed powder, excess cadmium ' 11654

Energy levels for a cadmium oxide film about 0.1 micron thick;
indicated by optical absorption peaks. (See page 5 for graph
of absorption ccefficient showing four structure peaks corres-
ponding to various ionization levels.

(Ref. 4u453] '
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CADMIUM OXIDE

HALL COEFFICIENT

2o Irmm Guveen - . '
Jitmm AR -
2.0 b =

Hall coefficient (cm3/coul}

Temperature (°C)

Hall coefficient as a function of
oxygen pressure for n-type,
compressed powder cadmium oxide;
n 3.4 x 1018 em™3,

3l

Hall coefficient as & function of
temperature for cadmiun oxkide at

different air and oxygen environ-
ments.

Log Hall coefficient (cm3/coul)

[Ref. 52u8)

Qe L v v ¥ e L J v
148°C
°r iss 1
4.5 ™ . >
202

.Lot1; ]

A ' A A '] A

-3 -2 -t 0 1 ¢ 8

Log oxygen pressure (ma)

'[Ref. 5248]
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CADMIUH OXIDE

HALL COEFFICIENT

; Variation of the Hall coefficient with .
T magnetic field for three cadmium oxide
| pellets at 300°K, The samples are -
! 3 pressed powder, sintered at 600-1200°K. .
3~ Electron carrier concentrations are
;ﬁ'g 2 x 10!8 to 4 x 1019 em3.
44 Q
e In general, the Hall coefficient increases
0 g with decrease in electron carrier concen-
o~ tration, i.e., curve 1 would be for the:
5 sample with the lowest ny.

Magnetic field (kOe) [(Ref. 10904]

Variation with temperature of the Hall
coefficient for specimens of differing
electron concentration. Experimental

points are.shown in close conformity to
curves drawn from theorstical considerations
assuming m®* = 0.3 my, and the characteristic
temperature of the longitudinal optical
phonons is 500°K.

Compressed cadmium oxide powders, sintered at
600-1200°K, n = 2 x 1018 to 4 x 10}9 cm-3.

4 indicates two curves for highest carrier
concentrations. '

Hall coefficient (cm3/coul)

Temperature (°K)

[Ref. 10904)
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CADMIUM OXIDE

LIFETIME (1)
Lifetime, (10~!5 gzec) Sample Specifications Method Temp. °K  Ref.
) 4.5 film, optical absorption  113-293 17670
= 1.25 x 1029 em™3  at 0.35 to 0.6 o
™n
1.5 to 4.0 cathode sputtered optical transmission 300 © 7151

films, A =1 to 1l
n, = 1019 to 1029 ¢p-3

Microns (u)
M4 e

30
I .V
Reciprocal average electron lifetime ag a function " _
of photon energy in cathode sputtered polycrystalline 9
cadmium oxide films annealed at 450°C. Lattice ® 20|
defects are removed by annealing to 500°C; -
np = 5 x 1019 to 5 x 1020 em~3.  Further sample =
characteristics are not given. The curves are ~ e
linear and are calculated from refractive index .a
and absorption measurements. The experimental ¥
points are data for several varied films. The S 10
wavelength region is narrow because a2t 1.5 micron 3
intrinsic absorption sets in and at 2.5 micron s
i the experiment becomes inoperable. 5
0
04 0.8 oa

Photon energy (eV)

[Ref. 22103]
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MAGNETIC SUSCEPTIBILITY

Hagnetic Susceptibility ' -
X {10-® cgs) Sample Specifications Temp. °K Ref.

-0.2320 highly purified powder 300 7119
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CADMIUM OXIDE

MAGNETOQELECTRIC PROPERTIES

Magnetic field (kOe)
3.6 4.47 5.47

=5
(10-5)
» [-2)

N

AP/P

Magneto resistance

o

Magnetic field (1070e2)

Magneto-resistance ac a function of magnetic field for sintered polycrystalline
cadmium oxide at 300°K. Each point indicates mean of 20 obgervations in samples
with n = 1018 to 10!9 cm™3.

Sample No. 60 61 ig
AP/Po (x 10%) at 5.8 kOe 5.2 4.7 2.9
Electron carrier concentration (1018 cm~3) 2.8 3.6 11.2

[Ref. 10904]
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CADHMIUM OXIDE

MORILYTY (u)

[: ]
o

Mobility as a function of electron carrier
concentration in cathode sputtered films,
0.2-1 micron thick. Optical data at 300°K
in the infrared (1.5-7 micromns).

»
o
¥

8
T

»»»»» calculated from Conwell-Weisskopf
formula for mobility of degenerate
semiconductors

o
T

1 experimental curve from cptical
data

Mobility (cm2/V sec)
S
T

I1 experimental curve from electrical
data (u=Ryo). Discrepancies due to
high resistance transition layers 20 . -3
! in polycrystalline films (107 em™)
: [Ref. 5183]

0
-2 2 () [0} 14
Carrier concentr§tion

i Temperature (°K)

.. 100 158 251 398 63l 1000 *
2.2 v 4 Y T
’ oo 2 1 )
od @
a® 48
Q>
g(\l\ |6b -
w0 B
S~ 14} 1
12} §
'.Oi A 2 L 'y 2
20 2,2 24 6 28 30 1 .

Log temperature (°K)

Mobility as a functlon of log of temperature. Crystalline cadmium
oxide, n ~ 10 to 1019 em™3, H = 7400 Oe. | .

T [Ref. 8796]
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CADMIUY OXIDE

 MOBILITY (u)

/”l 5"“:5
(:‘-\ 30 L— Lol el |
8 ,
4]
&
o 28p— ——t—,
N
[}
[=]
T 20
_ 7
ol
—
z
(o]
x 18
=
1.0 A .
(4] 200 400 600 9§00

Temperature (°K)

Reciprocal electron mobility as & function of tﬁm?orature in cathode sputtered
cadmium oxide films, annealed at 450°C,n ~ 5 x 10 9 to 5 x 1020 on~3, The
temperature coefficient of mobility is almost « onsfant as indicated on the curves.
The lattice mobility is calculated to be 220 cm 1)V sec at 300°K.

(Ref. 22103]
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REFLECTIVITY
Reflectivity as a function of wavele: - various cadmium oxide caloslc.,
all measured at 300°K. .
2 Wavelength (.
Wavelength (u) 04 03 0§07C3 ©'G 1320
4] ﬁj"l'f‘?'[’ﬁ?
038 0.4 05 o0e or 08 - 008 To 256 ¥
Tl ¥ 1 T T ryrrrTy 29 % ecs T- 08212
. : 3 o
1 ‘. a L ";J
o 08 — ~ at.3-0¥n caf
z 'f 28 h :a 70 em™d
o
he es - F ol
> g 0
§ o4 . 8 . . ; ‘
~ B . ) K
:‘J 0.2 f\ 7‘3 # le Pl }'
) X Loztp0ta em
J ot - (A e ihens |
l 1 1 28 |8
%0 38 3.0 2.8 2.0 1.8 ol ‘§
o
Photen energy (eV) !
T} A A A A
‘Cathode sputtered, n-typoe Y] 24 te .82
films, 0.182 microns thick, Photon energy (eV)
n = 15.5 % 1019 cm-3.
[Ref. 203397 Single crystal samples.
Temperature, carrier
concentration and con-
ductivity are given,
[Ref. 20385]
Photon cnergy (eV)
v-—r‘OO -62 .?l -l2 -09 ‘A“'}’il.""fdiﬁ S}?Uttet‘ed film' 3'4 micl"cﬂs thl(,‘:(‘
~ 80 symbol Treatment np (1012 cm~3)
f? 60 — *‘#--4 + untempered 1.6
e . ® annealed at 16
v 40 // ~* 160°C
Q .
-1 i i .
o 90 > A - ' annealed at 7
o v e 3000C
0

[Ref. 7151°
Wavelength (u)
34
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CADMIUM OXIDE

REFRACTIVE INDEX (n)

Photor, energy (eV)
St 18 JO3

o
s e 3 7‘

X

]

B

- &

"

2 P

&

13

o

&

)

[+4

OO 4 8 12

Wavelength ()

Refractive index as a function of wavelength for a cathode sputtered
- film of cadmium oxide, at 300°K. Film is 34 micron thick.

Symbol Treatment np (1019 cm-3)

+ untempered 1.6

° annealed at 10
160°C

o annealed at 7 .
300°C !

[Ref. 7151]
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- CADMIUM OXIDE

REFRACTIVE INDEX (n)

Photon energy i(eV)

. 136 .0 Y _
- L a | L | b
C i +
B
=1 o}
) »
oz ] o .r
PO )
0.
. L
@ S T S S M1 T s e
P ey SUBE RS N TN) i

Wavelength (.

Refractive index as a function of wavelength for cathode sputtered
~cadmium oxide films from 0.2 to 1 micron thick, at 300°K.

- Carrier Concentration

Graph n (1020 cp-3)
a 12.1
: b 1,32
; [Ref. 5183}
Value (n) Sample Test Method Ref.
2.49 powder sample 0il immersion Ksanda®

ALi=.6708 micron

WKSANDA, C.J. Comparison Standards for the Powder Spectrum Method - Nickel Oxide and
Cadmium Oxide. AMERICAN J. OF SCI., v. 22, 1931. p. 131-138.

-
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RICHARDSON'S CONSTANT (A)
Richardson's Constant, ‘
_amp/cm? deg? _ ¥cthod Ref .
, 1.65 x 10-6 themionic emisoion 6937
{sanpla specificction
ro avellable)
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-

Value (watts/cm deg) Ref .
0.007 7359
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CADMIUM OXIDE

THERMOELECTRIC PROPERTIES

140
x 130f
> i Thermoslectric emf as a function of :
o 120 temperiature for sintered, cadmium
g, O} oxide powder heated 24 hours at
g 00 1000°K &¢nd prepared as strips.
- (8]
% sob Carrier Concentration
' Symbo.L n (1019 em-3)
S- 8t
& 0 ° 1.7
E [ X 1.6 _ .
£. 2189
& sob LRe ]
[
sgoo 0 olycrystalline material,
2ither loose powder or
Temperature (°K) pellets. [Ref. 5899]

- —
o . o
]
a. a
& a
.’\ ‘ .A .
g2 ' B
Electrical conductivity as a > 's 28
function of temperature for & 3200 S
the same cadmium oxide strips. _g:g r .g.E
<] a
00
Carrier Concentrgtion S8 180 0w
Curve n (1019 cm=2) ) -§ .§ .
ol ord
® 1.7 £ b.
X 1.6 § 1004 0 ;
x 200 400 €00 800 =

Temperature (°K)

[Ref. 2189]
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CADMIUM OXILE,

THERMOELECTRIC PROPERTIES

5 100F

> a0}

< gol Thermoelectric emf as a

4y function of temperature

§ 77 for sintered cadmium oxide
o 60p pellets. Power curves are .
" sob calculated for a free

% 4o electron concentration of:
GJ »

4

g 30t a) 2.26 x 102! cm~3

B o20p

3] b) 1.58 x 102! cm-3

ﬁ 10f

L 4 A i 4
200 300 400 500 600 700 890 (a)
300 %00 500 600 700 806 90c {b)

Temperature (°K) [Ref. 20243]
s 3
- E 1.0}

S
> 0.8)-
5 (b)

Rasistivity as a function of .‘:;," 0.6}

temperature for pellet (b). -
2 0.4p
~
e
= o2
J 0
~
9
i LT B . B T '330'““""J

[Ref. 20243)
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>
THERMOELECTRIC PROPERTIES A
:
Temperature '.°K) 9 Temperature (°K)
m t
b= Y - § —'w__‘
8 -aoe} '? 0 “l . v
— o szv“""qdﬂ’:» \aﬁ
‘z"‘ -aor ) g 4 L- 80
PO &%
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-0.00 o) 0 .
o 0c
8 ™ 58
g -009 | L4 o oW
o ) § )
L L P S U ') Y RS N WO T N W W |
= Toey, w e e o m e e w ® 0 um
. 1/ Tempera 1 (10" ox~1)
Thermoelectric emf and log electricc. «:nduc:ivity as a function of reciprocal
temperature for pressed powde:r cadmi = -ulde samples prepared in oxygen or
air at several pressures.
I. . b oalr
1I. L UL mn oxygen B
111. G.0 mm oelr [Ref. 11654_
Iv., 772 rm alrx
V. 777 =2 oxygen
™ -a08 -
g M t-.
L I
3~ 2
~ QO 4 > Lo
+ 0 ,;5-3;\
82; T ¢] E 9
— B ~ 3
U~ Q '!!3
% b 6 kO
a o
Q et
& as }
o -« -3 -2 <t 0 1 8 3

Log oxygen pressure

Thermoelectric emf and log electrical conductivity as a function of the log oxygen
pressure at four temperatures. for pressed powder cadmium oxide. :
[Ref. 1165u]
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CADMIUM OXIDE

THERMOELECTRIC PROPEﬁTIES

/1
s -40 - 40
2
® -30
"-‘; 2. -3¢0 :
E >
g~ -20
& -20 //
T
~10 b I 10 jpme —
0 100 . 200 300 400K 0 100 200 300 400°K
3 190 p- a
L \ - ‘,/’
a ° 185 30
9 c > ¥. d
o __”,,f’
]
g o N [~ -
o
N U P
. T T
L E L.
3

25
@ Temperature (°K)

Thermoelectric emf and electrical resistivity as a function of temperature
for compressed cadmium oxide powder.

A np=5z%x109 em3 at 293°K, ™~ 0.35% excess divalcut cadmium
ions.

B Annealed in air at 320°C for 72 hours, ~ 0.5% excess divalent
cadmium ions.

[Ref. 12730]
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Temperature (°K)

'8 100C 500 333 250 200
THZRMOELECTRIC PROPERTIES \T\ M M M
Yy 14§ )
Thermoelectric emf as a ﬁﬂ
function of temperature g% 12y
for dense cadmium oxide 53
pellets, prepared by Q& 10
calcining cadmium iy [
carbonate pellets. 29
The *three curves §- 8
represent data taken &
on three separate 6t
samples.
4 b 4 A A
! 2 3 4 5
1/Temperature (103 °k=1)
- (Ref. 5899]
120
i after thorough
100 annealing at
« 580°C >
2. ~
> after partial ! Therncelectric emf as a function of
A anngalgng at temperature for cathode sputtered
5 450°C cadmium oxide films 1o thoroushlg annealed
o at 580°C, n_ = 5x10°9 te 5x102
'no e (Annealing smcoths the curve.)
5
LY
~4
- 8 a0 ~
E - ~ mmediately
& dfter*
£ eposition
e 20
0 100 200 300 400

Temperature (°C)

[Ref. 22103]
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Tempc - tupe (VF)

..og Tempeiture (0K

&
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o 100 158 28 539 63 1000 5
g 2.2 —w-‘c\ v ey - -y .9 9‘
Uy
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3 e g
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B0 5]
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[o%4]

(o]

[ |

Transverse Nernst-Ettingshausen coefficient of several crystalllne cadmium
oxide samples as a function of log ternerature; n 3 1018 to 1019 em™3
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